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(74) [Attoiney(s) Representing All Applicants] 

[Patent Attorney] 

(57) [Abstract] 

[Problem] High speed device and formation method of insulating 
film which has flatness , moisture resistance and heat resistance is 
offered with realizeable and low dielectric constant. 

[Means of Solution] Thin film of organosilicon compound is for 
med on substrate, this thin film fluorine plasma treatment isdone 
with substrate temperature 80 to 250 °C. 



[Qaim(s)] 



[Claim 1] Formation method of low dielectric constant insulatin 
g film which designates that it forms thin fihn of theorganosilicon 
compound on substrate, next with substrate temperature 80 to 250 
°C fluorine plasma treatment it does this said thin film asfeature. 



\ 



[Claim 2] Method which using F2 gas or NF3 doesaforemen 



^ tjonedfluorine plasma treatment, states in Claim 1 . 



[Claim 3] Aforementioned organosilicon compound next formula 
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Polycarbosilane (r} of this system is hydrocarbon group of numb 
er of carbon atoms 1 to 4 divalent. and is thehydrocarbon 
group of hydrogen or number of carbon atoms 1 to 4 monovalent, 
n is positive number. ) , or next fonnula 

[Chemical Formula 2j 



It is a polycarbosilastyrene (R^ of this system is hydrocarbon gro 
up of number of carbon atoms 1 to 4 divalent, R^ is 
thehydrocarbon group of hydrogen or number of carbon atoms 1 
to 4 monovalent, m is positive number. ), method which is stated 
in Claim 1 or 2 . 



1 A^b 3^rcDL^■rtL;!l^-o|c|alE^7):^^^o 



80-2 50*C(DSteaT'7'*vS:/^X'7mSLr#b 



[Claim 4] Before doing aforementioned fluorine plasma treatmen 
t, thin film of aforementionedoiganosilicon compound thermal 
processing is done with inert atmosphere, method which is stated 
inthe any one to Claim I to 3. 

[Claim 5] Including with substrate and multilayer metallization la 
yer which was formed on that, thefluorine plasma treatment doing 
thin film of organosilicon compound which interlayer insulating 
film of this multilayer metallization layerfonned on substrate with 
substrate temperature of 80 to 250 °C, semiconductor device 
which is afilm which it acquires. 

[Claim 6] It possessed substrate which includes semiconductor ele 
ment, fluorine plasma treatment doing thethin film of 
organosilicon compound which protective film of this said 
semiconductor element formed on substratewith substrate 
temperature of 80 to 250 ^C, semiconductor device which is a 
film which itacquires. 



[000 1] 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] As for this invention, it regards 
insulating film formation method in semiconductor device. 
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According to insulating film formation method of this invention, 
when multilayer metallization of group sheet whichpossesses 
substrate relief, fonning multilayer metallization of semiconductor 
device where for example IC ,LSI or other degree of integration 
ishigh, while planarization doing and substrate step with low 
dielectric constant, it ispossible, to form interlayer insulating film 
which possesses insulating property , heat resistance andthe 
moisture resistance which are superior it is possible to raise 
reliability of thesemiconductor device, with that. 

[0002] 

[Prior Art] Attendant upon improvement of degree of integration 
of recent semiconductor device, asthe surface step after element 
fonning becomes large, it is approachednecessaiy to make 
metallization thick in order to prevent decrease ofthe 
metallisation capacity with narrowing of metallization, there is a 
tendency where also thestep after metallization becomes extreme. 
Because of this, when fonning multilayer metallization, formation 
method of interlayer insulating film wherethe flatness which is 
superior is acquired is needed. 

[0003] On one hand, wire delay (T) receives inflaence to capacity 
(C) between the metallization resistance (R) and metallization, is 
displayed with T=l/2RCl^ (As for 1 wire length ), in addition it isa 
C=6o 6r (S/d) (As for S as for electrode surface ar&a and so 
dielectric constant of vacuum, as for d film thickness ) and 
capacity is proportionate to dielectric constant (sr ) . Therefore, 
it decreases wire delay, permittivity reduction of interlayer 
insulating film becomeseffective. 
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[0004] Until recently, silicon dioxide , silicon nitride, PSGorot 
her inorganic membrane or polyimide , the silicone resin or other 
organic type polymer insulating material or these laminate were 
used as material of interlayer insulating film. As for silicon 
dioxide (SiOz), dielectric constant is lowest with ntaterial which is 
producedwith chemical vapor deposition (CVD), dielectric 
constant is approximately 4. "As for SiOF which is examined as 
low dielectric constant CVD membrane, dielectric constant 
isapproximately 3,5 to 3.8, but because it is a moisture absorption, 
there is a problem thatthe dielectric constant it is easy to rise. 

[0005] Is assumed that dielectric constant is low relatively, as for 
organic type polymeric material which. Introduction is examined 
widely as interlayer insulating film material of low dielectric 
constant, but theorganic group oxidation is done in oxygen plasma 
treatment for resist release, in multilayer wiring stepbecause of 
degassing fi'om film due to that becomes causewhich fiilm contracts, 
in addition being able to designate thestrain as film, has possessed 
deficiency that causes crack. In addition, polytetrafluoroethylene 
is known as film which does not cause theoxidative decomposition 
in oxygen plasma treatment, there is a problem that, but this is a 
difficulty inthe heat resistance, namely thermal expansion is easy 
to do, with thermal processingdisassembles. In addition, also 
fluorine plasma treatment in room temperature as permittivity 
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reduction of oiganosilicon compound wasexamiried, but rise of 
moisture absorption and dielectric constant, in addition there was 
aheat resistance or other problem. Then, material where 
characteristic is superior is required in from thepoint, reliability. 

[0006] 

[Problems to be Solved by the Invention] This way, as for organic 
type polymeric material of low dielectric constant which is 
represented in the polyimide and silicone resin, with oxygen 
plasma treatment in multilayer metallization step organic group 
deficiency due to oxidation being done, Namely occurrence of 
deficiency which originates in degassing from thefilm, It has 
possessed deficiency, occurrence of crack which originatesin strain 
of film. On one hand, as for CVD method which is used from 
untilrecently as method which forms low dielectric constant 
inorganic film, expensive equipment such as vacuiim system 
isnecessaiy, furthermore like silane like starting laaterial or 
tetraethyl ortho silicate (TEOS) ofthe explosive there is a 
deficiency that uses starting material where toxicity ishigh. In 
addition, with room temperature of organosilicon compound 
concerning fluorine plasma treatment it isexamined, but in this 
case there was a or other problem where rise and heat resistanceof 
dielectric constant are inferior. 

[0007] Object of this invention, cancelling these deficiency, when 
it is a low dielectric constant, incomparison wdth conventional 
membrane simultaneously, is to offer formation method of 
theinsulating film which has insulating property , heat resistance 
and moisture resistance. 

[0008] 

[Means to Solve the Problems] Low dielectric constant insulating f 
ibn formation method of this invention forms thin film of 
organosilicon compound on substrate, nextdesignates that fluorine 
plasma treatment it does this said thin film as feature with 
substrate temperature 80 to 250 "^C. 

[0009] According to this invention, while characteristic which is s 
uperior in flatnessof organosiKcon compound whicln becomes 
fimdamentals material is succeeded fluorination doing 
theorganosilicon compound, because it can do permittivity 
reduction, be able to fonn low dielectric constant film 
whichespecially is suited as interiayer insulating film of high speed 
device, furthermore this filrms superior in heat resistance , 
flatness and insulating property. In addition, it caji grant also 
resistance after that for theoxygen that can be used plasma 
treatment with processing step with fluorination due to fluorine 
plasma treatment. 

[0010] This invention fiorthermore offers semiconductor device w 
liich includes low dielectric constant insulating film whichis 
acquired with method of this invention as protective film of 
interiayer insulating film orthe semiconductor element, 
semiconductor device, including with substrate and multilayer 
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metallization layer which was foimed onthat, interlayer insulating 
film of this multilayer metallization layer, fluorine plasma 
treatment doing thin film of organosilicon compoundwhich it 
formed on substrate with substrate temperature of 80 to 250 ^C, 
is semiconductor devicewhich is something which it acquires in one 
due to namely, this invention, semiconductor device of another 
due to this invention, it possesses substrate whichincludes 
semiconductor element, it is a semiconductor device which is 
something where protective filmof this said semiconductor 
element, thin film of organosilicon compound which was foimed 
on substrate thefluorine plasma treatment does with substrate 
temperature of 80 to 250 "^C and acquires. 

[0011] 

[Embodiment of Invention] Regarding to this invention, substrate 
which is used may be optionalsubstrate which is used for production 
of semiconductor device. It is a group sheet to which this 
invention as for especially effective substrate, is usedwith 
production of semiconductor device where IC and LSI or other 
degree ofintegration is high possesses thestep in surface. When 
method of this invention is applied vis-a-vis substrate which 
hasthat kind of surfece step, while planarization doing substrate 
surface in effective, itcan fonn insulating film of low dielectric 
constant 

[0012] Organosilicon compound which is used with this invention, 
if siloxane bond is not included,is good any kind of ones, 
compound which includes siloxane bond, disassembling in fluorine 
plasma treatment, itcannot form effective insulating film because, 
is not. When example of useable organosilicon compoimd is listed, 
next formula 

[0013] 

[Chemical Formula 3] 



(1) 



/ 
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[0014] Polycarbosilane or next formula 
[0015] 

[Oiemical Formula 4] 



o: 



(2) 
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[0016] It is a polycarbosilastyrene. Also it is possible to use unit o 
f above-mentioned Formula (1) andthe copolymer which includes 
unitofFonnula(2). 

[0017] In formula of above-mentioned polycarbosilane, is hyd 
rocarbon group oflhe number of carbon atoms 1 to 4 divalent, 
and R^ is hydrocarbon group (As example, methyl group , ethyl 
group, propyl group and butyl group or other alkyl group ) of 
hydrogen or number of carbon atoms 1 to 4 monovalent, then is 
positive number. R^ and R^ may be being same, differing. When 
number of carbon atoms of R^ , R^ and R^ becomes more 
thanthe above-mentioned upper limit, molecule becoming large, 
contraction withthe thermal processing or other step becomes 
large, becomes cause of strain. Value of n especially is not limited, 
but, it is a kind ofvalue which possesses characteristic (Especially 
viscosity characteristic ) whose are convenient because the 
polycarbosilane applies on substrate. 



[0 0 18] ±U(D7\i^}t)i.7fsi/v7.9Uy(0^lzni^X 
. R^liKSIS^»i-4^zffi0^<b7K5gSrfey. R 



[0018] In formula of above-mentioned polycarbosilastyrene, R'^ i 
s hydrocarbon group ofthe number of carbon atoins 1 to 4 divalent, 
R^ is hydrocarbon group (As example, methyl group, ethyl 
group , propyl group and butyl group or other alkyl group ) of 
hydrogen or number of carbon atoms 1 to 4 monovalent, them is 
positive number. When number of carbon atoms of R"^ and R^ 
becomes more than theabove-mentioned upper limit, molecule 
becoming large, contraction with thethemial processing or other 
step becomes large, becomes cause of strain. Value of m especially 
is not limited, but, it is a kind ofvalue which possesses 
characteristic (Especially viscosity characteristic ) whose are 
convenient because the polycarbosilastyrene applies on substrate. 
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[0019] Regarding to this invention, from starting material which i 
t can procure from themanufacturer of domestic and foreign, 
using usual polymerization method, it canproduce polycarbosilane 
and polycarbosilastyrene which are used. It designates for 
example poly silane as starting material, it can make in inert 
atmosphere thepolymer of correspondence with heating. Or, 
under existing of catalyst like for example poly diphenyl siloxane 
heating poly silane inthe inert atmosphere, it can also obtain 
polymer of correspondence. Furthermore, polycairbosilane etc 
can also procure in commercial. 

[0020] Thin film of organosilicon compound is formed on substrat 
e, spin coating method can beutilized, spin coating method on 
substrate which has big step in surface isprofitable in order to 
form film which planarization is done, insulating film which is 
formed with this invention in comparison wdth onefor 
planarization of substrate mainly it utilizes as film of low dielectric 
constant itis, kind of when, thin film of organosilicon compound 
can be formed in addition tothe spin coating method from 
suitable starting monomer with chemical vapor deposition (CVD) 
method. 

[0021] Thin film of organosilicon compound which was formed on 
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substrate, next is appliedon fluorine plasma treatn:ient with 
substrate temperature as 80 to 250 **C, When fluorine plasma 
treatment it does with temperature which is lower than 80 °C,the 
scattering of fluorine cannot reach to inside of thin film easily, the 
entire fluorination of thin film cannot achieve. When it treats 
with temperature which is higher than 250 °C, it hasan influence 
on skeleton of thin film, etching precedes. 

[0022] Fluorine plasma treatment is done using those like preferab 
ly for example F2 gas and NF3 gas as the plasma source. With 
fluorine it can also use gas which includes carbon asthe plasma 
source, but in this case velocity of fluorination of thin 
filmdecreases. It can decide other processing condition, 
appropriately according to plasma-generating apparatusand types 
etc of gas of plasma source which are used. 

[0023] Before administering fluorine plasma treatment, themal p 
recessing doing substrate which foimedthe thin film of 
organosilicon compound, solvent which it uses for application 
ofthe organosilicon compound evaporating, it can dry thin film. 
As for this thennal processing, because of oxidation prevention of 
organosilicon compound it is desirableto do in inert atmosphere. 
As for organosilicon compound which oxidation is done, etching 
precedes. 

[0024] With this invention, by feet that fluorine plasma treatmen 
t of organosilicon compound is done withthe substrate temperature 
of 80 to 250 ^C, fluorination (Substitution with fluorine of 
hydrogen in structure of organosilicon compound) which reaches 
to entirety of the thin film is done, namely degree of fluorination 
becomes high, thin filmbecomes something which is superior in 
heat resistance. In addition, with this invention as for insulating 
film after fluorine plasma treatment factthat it becomes silicon 
film of fluorocarbon type, you can hold down rise oflhe dielectric 
constant with absorbed moisture, furthermore oxygen plasma 
resistance is granted. Because of that, according to this invention 
formation of low dielectric constant insulating film wherethe 
reliability is high becomes possible. 

[0025] With method of this invention, in order to use thin film of 
organosilicon compoundwhich is superior in flatness as thin film 
which fluorine plasma treatment is done,the low dielectric 
constant membrane which is superior after all in flatness with that 
fluorine plasma treatment isacquired, as for this membrane 
insulating property improves as effect of fluorination,and is 
superior even in heat resistance. Because of that, as for this 
invention as for low dielectric constant insulating film which was 
formed bythe method , especially high speed it is required, it is 
effective as theinterlayer insulating film of semiconductor 
integrated circuit or other semiconductor device. 

[0026] Low dielectric constant insulating film which was formed b 
y this invention is effective in same waynot just semiconductor 
integrated circuit or other semiconductor device, as surface 
planarization layer and insulating layer of thin film circuit board. 
In addition, it is effective as protective film of semiconductor 
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element. 
[0027] 

[Working Example(s)] Next, this invention foxthennore is explain 
edwith Working Example . Until you say, this invention is not 
something which is limited by theseWorking Example without. 

[0028] [Working Example 1] It applied xylene solution of polycar 
bosilane on silicon substrate with spin coating method , driedin 
nitrogen atmosphere and fonned thin film of 1 pxa thick, 
polycarbosilane which you use is displayed with next formula. 

[0029] 

Formula 5] 



[0030] Next, fluorine plasma treatment was administered with belo 
w-mentioned condition, the fluorocarbon type silicon coating was 
acquired 

[0031] 

Adopted equipment : Downflow type plasma-generating apparatus 
High frequency output : 1.5 kW 
Gas : NF3 , 1.0 Torr and 500 seem 
Substrate temperature : 1 70 
Process time : 3 min 

[0032] In this way, occurrence of crack was not seen fluorination 
which isacquired in film which is done. Result of forming electrode 
on this film, measuring dielectric constant vrasthe 2.3. In 
addition, 1 week after leaving, as for result of measuringthe 
dielectric constant, as for rise of dielectric constant with absorbed 
moisture it was not seen inthe atmosphere. In addition, heat 
resistance which was measured with result and temperature rise 
degassing analyzer (TD S)which administer thermal processing in 
nitrogen atmosphere was 400 °C. 

[0033] [Reference Example] Fluorine plasma treatment of polycar 
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bosilane thin film in same way as Working Example 1 irusulating 
film whichthe fluorination is done was foimed substrate 
temperature as room temperature excluding factthat it did. 
Occurrence of crack was not seen in this film, dielectric constant 
which was measured was 2.6. 1 week after leaving, as for result of 
measuring dielectric constant, youcould see rise of dielectric 
constant in atmosphere, heat resistance was 30O °C. 

[0034] [Working Example 2] On substrate which 5 formed ring os 
cillator, insulating film was fonnedwith condition which is similar 
to Working Example 1, in order and for thering oscillator to 
connect to series array, substrate which was foimed was producedto 
second layer metallization after via fomation and on this 
insulating film. In one for comparison, similar group sheet which 
uses Si02 film whichvras formed fi-om TEOS as insulating film vras 
produced. As for result of comparing vtire delay of respective 
substrate, asfor substrate which uses insulating film due to this 
invention it understood thatwire delay shortening of 
approximately 25 % is possible than substrate forcomparison. 

[0035] [Working Example 3] Working Example I was repeated e 
xcluding fact that plasma treatment isadministered with substrate 
temperature of 80 °C. occurrence of crack was not recognized 
in insulating filmwhich is acquired, measured valae of dielectric 
constant was 2.5. 1 week after leaving, as for result of measuring 
dielectric constant, asfor rise of dielectric constant it was not 
recognized in atmosphere, heat resistance was 3 :50 °C. 

[0036] [Working Example 4] Working Example 2 wbs repeated e 
xcluding fact that plasma treatment isadministered with substrate 
temperature of 80 Si02 film which was formed ft-om TEOS 
as insulating film by comparisonvwth substrate for comparison 
which it uses, with substrate whichuses insulating film due to this 
invention wore delay shortening of approximately 15 % was 
possible. 

[0037] [Working Example 5] Working Example 1 was repeated e 
xcluding feet that plasma treatment isadministered with substrate 
temperature of 250 °C. occurrence of crack was not recognized 
in insulating filmwhich is acquired, measured value of dielectric 
constant was 2.2. 1 week after leaving, as for result of measuring 
dielectric constant, asfor rise of dielectric constant it was not 
recognized in atmosphere, heat resistance was 450 ^C. 

[0038] [Working Example 6] Working Example 2 was repeated e 
xcluding feet that plasma treatment isadministered with substrate 
temperature of 250 Si02 film which was formed fi-om TEOS 
as insulating film by comparisonwdth substrate for comparison 
which it uses, with substrate whichuses insulating film due to this 
invention wire delay shortening of approximately25 % was 
possible. 

[0039] 

[Effects of the Invention] As been clear firom explanation above, 
according to this invention, in the low dielectric constant it was 



ISTA's ConvertedKokai(tm), Version 1.2 (There may be errors in the above translation. ISTA cannot 
be held liable for any detriment fi-om its use, WWW: http://www.intlscience.com Tel:800-430-5727) 



P.IO 



• ' JP ^81 50036 Machine Translation - Fir stPass 



superior in heat resistance, was superior in and thesubstrate step 
planarization capacity, it becomes possible to obtain insulating 
film where reliability ishigh. Jf low dielectric constant insulating 
film which was formed and with this invention is utilized, 
itbecomes possible to actualize high speed device where reliability 
improves. 
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